Background: Tissue engineering has been investigated as a potential method for healing traumatized tissues. Biomaterials are material devices or implants used to repair or replace native body tissues and organs. The present study was conducted to evaluate the effects of decontamination methods on biological/mechanical properties and degradation/adhesion test of the platelet -rich fibrin (PRF) membranes to compare these properties with intact membranes as a biological biomaterial.
Introduction
The amazing potential of living tissues for auto-regeneration may be restricted or impaired by an age-related droplet in the number and quality of host stem cell/progenitor populations by the naturally low regenerative capacity of certain tissues or by the negative effect of inflammation on wound repair (1) . In an effort to recompense for such poor healing capacity, tissue engineering has been recognized as a potential therapeutic option to reform some of the biological processes that occur during tissue expansion and in the natural wound healing cascade in microcosms (2) (3) (4) . For this purpose, harmonious combinations of scaffold/supporting materials, sufficient target cells, and growth-stimulating bioactive factors are used to stimulate the rejuvenation of damaged tissues or to replace failing or malfunctioning/deteriorating organs (5) . Biomaterials can be defined as material devices or transplants used to repair or replace native body tissues or as scaffolding materials adopted to construct manmade tissues and organs (6) . Commonly, therapeutic biomaterials can be classified into 2 main groups: (I) living or once living material of animal or human origin, and (II) other materials including materials from vegetal sources, synthetic materials, and their compounds that are biocompatible and can be applied for tissue http 2 regeneration. For over 2 decades, advancement in polymer science and tissue engineering has paved the way for the generation of sophisticated and ingenious biomaterials to optimize existing clinical treatments and develop more safe and effective cures for a higher quality of human life. The basic role of biomaterials in tissue engineering is to provide temporary mechanical support and mass transport to boost cell adhesion, proliferation, and differentiation and also control the size and shape of the regenerated tissue (7) . Moreover, biomaterials, usually described as scaffolds, may present physical and chemical signals with spatiotemporal accuracy, which are of great importance in the modulation of cell performance and function and in the guidance of correct tissue rejuvenation, as an ECM contains the inherent signals pivotal to communicate with and control niche cells (8) . Natural biomaterials present a vital subset of biomaterials for use as tissue engineering patterns due to their bioactivity, biocompatibility, tunable degradation, and mechanical kinetics, and their intrinsic structural resemblance of native tissue ECM. Natural biopolymers are often processed using environmentally-friendly aqueous-based methods. Upon application within biological systems, they do not release cytotoxic products during degradation, and their degradation rates may be adjusted by changing the starting formulation and/or processing situations (9) . The use of synthetic polymers as matrices and templates in bioengineering presents several key advantages relative to naturally derived polymers and presents attractive options to control the shape, architecture, and chemistry to generate sensible alternatives or mimics of ECM systems of human origin that emulate or control biomaterial functions (10, 11) . The most widely used synthetic polymers for tissue regeneration are poly α-hydroxy acids, which include polylactic acid (PLA), polyglycolic acid (PGA) and their copolymers, and poly lactic-co-glycolic acid (PLGA) (12, 13) .
Tissue engineering has been investigated as a potential method for healing traumatized tissues (14) . A broad spectrum of biological and synthetic materials are used for the purpose of hastening wound healing, lowering pain, and serving as physiological barrier to decrease losses of water, minerals, and proteins through open wound surfaces (15, 16) . Many tissue engineering strategies used in vitro cellscaffold composites are formed in bioreactor systems and later used for in vivo transplantation (17) . A recent novelty in the field of medicine is the development of autologous platelet-rich fibrin (PRF) as a biological biomaterial (18) . Platelet-rich fibrin (PRF) is a second-generation platelet concentrate (natural autologous fibrin matrix) that was first described by Choukroun et al. in 2000 (18-23) . Fibrin is the triggered form of a plasmatic molecule called fibrinogen. This soluble fibrillary molecule is massively present both in plasma and in the platelet α-granules and plays a determining role in platelet aggregation during hemostasis (18) . It regulates inflammation and stimulates chemotactic factors in the immune response (20) . PRF contains a considerable quantity of fibrins, platelets, and leukocytes and secretes 3 proinflammatory cytokines (interleukin-1b, interleukin 6, and tumor necrosis factor-a), an anti-inflammatory cytokine (interleukin-4), and a key promoter of angiogenesis (vascular endothelial growth factor) (18) . PRF also hastens angiogenesis, the multiplication of fibroblasts and osteoblasts, and cicatrization (21) . In recent years, PRF has been used as an autologous grafting material because of its ability to accelerate physiologic wound healing and new bone formation. Several studies have evaluated the effectiveness of PRF in intra-bony and mandibular grade II defects and have found a positive clinical and radiographic result (18, (24) (25) (26) (27) . The routine use of such an inexpensive, autologous growth factor delivery system certainly offers an attractive option for the treatment of horizontal defects. One of the main reasons to avoid using this biomaterial as an allogeneic graft is the high possibility of bacterial and viral infection transmissions. Sterilization is an important part of the preparation of biological material for transplantation. To increase the safety of biological materials for transplantation, an important step following their preparation is sterilization to prevent the transfer of infectious diseases. Sterilization is supposed to eradicate all living microorganisms including bacterial spores and offer the sterility assurance level (SAL) of 10 -6 (16, 28, 29) . This can be reached by exposure of the tissue transplants to physical factors, such as hot air, saturated water vapors, ionizing radiation, plasma, or chemical substances (peracetic acid, ethylene oxide, glutaraldehyde, formaldehyde, etc.) (28, 29) . The aim of our study was to measure the effect of some types of sterilization methods, such as gamma irradiation, ultraviolet (UV) and autoclave on biological and mechanical properties of fibrin membranes. To avoid the toxicity of the used chemicals, it seems more suitable to use sterilization by irradiation. This was used for the first time and patented in 1921 for the purpose of sterilization (30) . Beta, gamma, and X-rays may be used, but gamma rays are preferred because of their excellent penetrance into biological scaffold, no increase of temperature, no harmful residues, decrease of the antigenicity of biological scaffold, and little biological and mechanical changes (31) . Thanks to gamma rays penetrance, the biological scaffold can be sterilized in the packages, removing repeated microbial contamination (32) . The most common sources of gamma rays are cobalt (60Co) or cesium (137Cs). The internationally suggested dose for sterilization of medical devices is 25 kGy (33, 34) . For sterilization of biological scaffold, it is recommended to estimate the bioburden of the biological scaffold first, and then, according to its result, calculate the suitable irradiation dose assuring . The main effect of irradiation is ionization of water molecules with formation of H3O and OH-. Hydroxyl radicals seriously damage the DNA of microorganisms and have strong oxidative effects as well. Bacterial spores are more resistant because of their low water content (35) . Less sensitive to gamma radiation are also prions and some viruses, the concentration of which will be at routinely used dose of 25 kGy only reduced (15) . The sensitivity of pathogens to gamma radiation may be modified by several factors, such as temperature, presence of oxygen, and water. For example, elimination of HIV in deeply frozen plasma (-80 _C) is effective by irradiation with the dose of 50-100 kGy, which on the other hand, leads to de- 3 naturation of collagen fibers in tissues (15, 36) . Cell connection and proliferation rate significantly varies depending on biomaterial characteristics, influencing intercellular communications. Substitution and repair of injured tissue are to be made by biomaterials whose properties such as biocompatibility, nontoxicity, and numerous biomechanical ones have to meet the requirements of a defect to be repaired. On the other hand, mechanical properties similar to those of natural tissues are also necessary (37, 38) . Good adhesion of the neighboring cells with the biomaterial surface to establish a hard connection in the implant-tissue interlayer is a prerequisite for successful repair. Good degradability is one of the other key properties of a biomaterial in tissue engineering.
Methods
This study was conducted at the Stem Cell Research Center in the Department of Hematology, Faculty of Medicine, Kerman University of Medical Sciences in 2016 and 2017. This study was conducted in 5 steps as follows:
Preparation of platelet--rich fibrin
After obtaining consent, a 10 mL blood sample was obtained intraoperatively from volunteers. An expert collected the blood, in most cases from the external jugular vein (n Z 23), the femoral vein (n Z 6), or the distal vein (n Z 4). Blood was collected into a sterile plain glass tube (BD Vacutainer Z; Becton, Dickinson and Company, Franklin Lane. NJ. USA; reference: 368430) and immediately centrifuged at 3000 rpm (400 g) for 10 minutes. The success of this technique depended on the swiftness of blood collection and transfer to the centrifuge. After centrifugation, a fibrin clot formed in the middle of the tube between the acellular plasma at the top and the red blood cells at the bottom. The clot was extracted from the tube, separated from red blood cells, and gently compressed between the 2 surgical swabs to have a soft and resistant membrane, which is usually approximately >10 mm long and <1 mm thick (Fig. 1) . The entire procedure was performed under strict aseptic conditions.
Sterilization
We used 3 different types of sterilization methods for decontamination of our biological biomaterial. We divided our fibrin membranes in 4 groups as follow: 1 control group (not sterilized), and 3 groups sterilized by gamma radiation at 25 kGy delivered by commercial 60 Co irradiation source, autoclave, and ultraviolet ray.
Gamma radiation
All fibrin membranes of gamma irradiation group were sent to the blood transfusion center of Kerman in Kerman, Iran. Gamma rays were emitted from cobalt-60 radioactive source, with the dose rate of 23.04 Gy/min. The samples were irradiated at 25 kGy by Gammacell ® 3000. Dosimetry was performed with ceric/cerous sulphate solution and measured using potentiometric method of analysis.
Ultraviolet ray
All fibrin membranes of UV group were exposed to UV ray that was emitted from UV light of cell culture hood (V-RAY™ SUS UV Lamp System) for 30 (UV1 group) and 60 (UV2 group) minutes. 4
Autoclave

Cell culture
The 3T3-immortalized mouse fibroblast cell line was obtained from the pastor institute (Tehran, Iran) and used to study the substrate properties of sterilized fibrin membrane.
In vitro degradation
The in vitro degradation tests of the sterilized membranes were conducted by placing the PRF membranes of size 20 × 10 mm in 10 mL of pH 7.4 PBS on a shaker set (Orbital KAHN Shaker, Lab Line Instruments, Kochi, Kerala, India) at 40 rpm. We placed 3 fibrin membranes separately on the same shaker set from each 4 experimental groups to compare the in vitro degradation profiles. All the 3 membranes were weighed on an electronic micro weighing scale; and at the end of 10 days, the membranes were taken out of the incubation medium, washed with distilled water, dried, and their weight were measured. The degradation profiles were expressed as the accumulated weight losses of the membranes.
Adhesion test
To evaluate the cell adhesion properties of each different sterilized fibrin membrane, a single cell suspension of mouse fibroblast cells was seeded onto the fibrin membrane. All membranes of the 4 groups were placed in an incubator at 37°C for 2 different lengths of time: 60 minutes and overnight. Briefly, mouse fibroblast cells were incubated at 37°C for 1 hour with 1.2 IU dispase and then trypsinized at 37°C for 30 minutes. The resultant single cell suspension of fibroblast cells was then seeded onto each fibrin membrane matrix spread on the bottom of culture inserts (5 * 10 4 cells/six well culture insert, N¼ 5). After incubation, non-adherent cells were washed with the culture medium (defined fibroblast growth medium (DMEM) supplemented with 10% FBS); then, the adherent cells were trypsinized, and the cell number was then counted. In our series, we confirmed both macroscopically and histologically that no cells remained attached to the 4 different types of fibrin membranes (39) .
After data collection, all data were analyzed by IBM SPSS Statistics 23 software and t test. Moreover, p-value less than 0.05 with 1 star, less than 0.01 with 2 stars, and less than 0.001 with 3 stars was considered significant.
Results
In vitro degradation
The PRF membrane was found to have maintained its physical form for up to 6 days, however, at the end of 10 days, the membrane showed a considerable amount of degradation. This degradation in group of gamma and normal fibrin membranes was high compared to UV exposed and autoclaved membranes. Mean weight loss percentage between start of the test day and the end of test in group of normal fibrin membranes was 1.3326±0.0777 percent. In the group of fibrin membranes that was sterilized by UV1, UV2, autoclave, and gamma, the mean weight loss percentage between start of the test day and the end of test was 0.7625±0.083, 0.7344±0.087, 0.7033±0.0702 and 1.018±0.108 percent, respectively (Graph 1).
Adhesion test
The adhesion property of UV1, UV2, autoclave, gamma, and normal fibrin membranes was evaluated by incubating mouse fibroblast cells in 2 different lengths of time: 60 minutes and overnight. In the groups of 60-minute incubation, we could not find any evidence of cellular adhesions to the fibrin membranes. For the overnight incubation, the percentage of adherent cells on UV1, UV2, autoclave, 5 gamma, and normal fibrin membranes was 2.7±6.77, 2.6±7.78, 1.1±7.28, 2.6±7.09 and 3.5±6.82, respectively (Graph 2). These findings indicated that the adhesion property of all groups of fibrin membranes was very poor even though not sterilized and intact. The reason for this finding can be the physical and chemical nature of this biomaterial.
Discussion
The presented study evaluated appropriate sterilization methods and their impact on mechanical, biological, and cell culture properties in comparison to untreated fibrin membranes, as a further step towards the use of allogeneic fibrin membranes in animal studies and clinical application of this biological biomaterial.
Biomaterials of tissue engineering technology can provide a carrier for cell seeding and are expected to become an effective method for the regeneration and repair of tissues (40) . The study by Murphy et al. (41) evaluated engineering fibrin hydrogels to promote the wound healing potential of mesenchymal stem cell spheroids and they found that fibrin hydrogels could be formulated with appropriate biophysical properties to simultaneously promote the proangiogenic and anti-inflammatory potential of entrapped MSC spheroids (41) . Biological materials used for transplantation purposes should be sterilized before use, unless they are procured and processed by aseptic techniques. Sterilization methods should aim at preserving their original tissue structure as much as possible. Since the beginning of the 20th century, there have been attempts to develop an optimal way of tissue processing that could lead to development of a whole spectrum of sterilization methods (32) . Approaches that included increased temperature proved to be unsuitable for treatment of biological materials. The best accepted method is the sterilization of allografts with gamma irradiation, which does not change the biomechanical properties of the tissue. In their study, Rediguieri et al. (42) , evaluated the effect of ozone gas sterilization on the properties and cell compatibility of electrospun polycaprolactone scaffolds and found that the sterilization process successfully sterilized the scaffolds and preserved most of their initial attributes, except for mechanical properties. Although the scaffolds became weaker after sterilization, they were still robust enough to be used as tissue engineering scaffolds. This treatment increased the proliferation of L929 fibroblasts while maintaining cell viability, suggesting that ozone gas treatment may be a suitable technique for the sterilization of polymer scaffolds, which are significantly damaged by other methods (42). Rooney et al. (43) evaluated deeply frozen skin allografts mounted in 4 different concentrations of glycerol (20, 50 a 85 %), with consequent irradiation with the dose of 25 kGy gamma rays. All specimens were kept at the temperature of -80°C, except for the one in 85% glycerol that was irradiated at the temperature between 30º to 40ºC. Only the deep frozen tissue specimens mounted in 20% glycerol remained without histological, cytotoxic, or physical changes (43) . The dose of 25 kGy gamma irradiation seems to be a suitable sterilization method to decontaminate the tissue structures, as it does not have any negative effect on fibrin and elastic fibers of the biological biomaterial and is bacteriostatic.
The rationale behind the use of PRF membrane lies in the fact that the platelet α granules are a reservoir of many GFs that play a crucial role in hard and soft tissue repair mechanisms, which include platelet derived GFs, transforming GF β, vascular endothelial GF, and epidermal GF (44) . PRF has to be considered as a fibrin biomaterial, and its molecular structure with low thrombin concentration is an optimal matrix for migration of endothelial cells and fibroblasts. Moreover, it permits a rapid angiogenesis and an easier remodeling of fibrin in a more resistant connective tissue (19, 45) Choukroun et al. were among the pioneers of using PRF protocol in oral and maxillofacial surgery to improve bone healing in implant dentistry (22) . Several studies have examined the effectiveness of PRF in intrabony defects and grade II furcation defects and have found positive clinical and radiographic outcomes (18, (20) (21) (22) (23) (46) (47) (48) (49) . The addition of PRF as a membrane to coronally advanced flap showed an increase in the width of keratinized gingiva (50) (51) (52) (53) (54) (55) . PRF is a reservoir of soluble growth factors and cytokines (transforming growth factor beta-1, insulin-like growth factor 1 and 2, platelet-derived growth factor, cytokine vascular endothelial growth factor, and interleukin 1, 4, and 6) and not only helps in tissue regeneration but also accelerates wound healing. Studies have shown that PRF, when used with coronally advanced flap for recession coverage, decreases matrix metalloproteinase-8 (MMP-8) and interleukin beta levels but increases the tissue inhibitor of MMP-1 levels in 10 days, and thereby promoting periodontal wound healing in the earlier phase of the process (56, 57) . In view of these positive findings, there is a need to extend the usefulness of PRF membrane to GTR applications as well. If we present a method to avoid bacterial and viral infection transmission during the use of this useful biological biomaterial as an allogeneic tissue graft, we can take an important step in this regard. The assessment of the mechanical and biological properties of PRF membrane for GTR procedures is required before its clinical use.
In this study, the modulus of elasticity and hardness of intact fibrin membrane were compared with the sterilized type of this biomaterial; and it was found that the modulus of elasticity and hardness was less for normal and gamma irradiated fibrin membranes compared to UV ray exposed and autoclaved membranes. This is because UV exposed and autoclaved fibrin membranes strands are denatured and polymerized, respectively, due to heat and UV ray, and their resistance increases in comparison to normal and gamma irradiated fibrin membranes. However, further research is needed to find a way to improve the adherence of fibrin membranes to cells. To have an effective biomaterial, adherent cells should be strongly connected to the biomaterial and use of the fibrin membranes as a growing media. However, the structural integrity of the implanted bio absorbable barrier membrane should be preserved for a sufficient time to ensure desired results. It seems that the reason for weak adherence between mouse fibroblasts and fibrin membrane is the instable linkage between them. Moreover, special characteristics and properties of the surface of 6 this biomaterial is the main reason behind the loose adherence of fibrin membrane to the cells. The membrane degradation test results showed that PRF membrane was comparable to other sterilized membranes in maintaining its physical property up to 6 days. At the end of the 10 days, PRF membrane was found to have degraded significantly compared to initial weight and normal membrane. However, between these 4 groups, normal membranes had the most degradation and autoclaved membrane had the least degradation. Nonetheless, these results cannot be extrapolated with clinical data because the resorption process could be further facilitated by enzyme digestion in real applications. Future studies should be conducted to determine the actual degradation of PRF membrane in actual clinical conditions to obtain more clinically useful data.
Further in vitro and in vivo studies are needed to evaluate the mechanical properties and improve the rigidity of PRF membrane. The degradation profile of PRF membrane in vivo should also be assessed to find the exact time that PRF membrane maintains its structural integrity to act as an effective barrier membrane.
Conclusion
The ease of preparation and cost effectiveness of PRF membrane offer a huge advantage over other commercially available membranes, especially in state of allogeneic use. The preliminary findings from the assessment of PRF mechanical properties and its comparison with other sterilized membranes do not offer promising results. Lack of rigidity and faster degradation may limit its application in GTR procedures. PRF can be considered a healing biomaterial that can be utilized in regenerative surgical procedures to fasten healing, but its application as a barrier membrane is doubtful due to its poor adherence properties. Allogeneic use of fibrin membrane without the threat of infection transmission can help conserve and produce fibrin membrane as a ready to use biological biomaterial with advantageous of inducing proliferation and differentiation. Allogenic PRF membrane may offer a promise in the field of periodontal regeneration if it meets the requirements and diversities of tissue regeneration procedures by improving its mechanical properties.
